The synthesis of bis(ethylenedithio)dithiadiazafulvalenes (BEDT-DTDAFs), in four steps via 4,5-(ethylenedithio)thiazole and 3-alkyl-4,5-(ethylenedithio)thiazolium salts, and the generation of conducting charge-transfer complexes from a new type of dithiadiazafulvalene and tetracyanoquinodimethane are reported.
Tetraheterafulvalenes, such as TTF, TSeF, TTeF, and DTDAF, are widely used for the preparation of organic metals and organic superconductors. [1] [2] [3] [4] [5] [6] [7] [8] So far, many modified variants to the four parent compounds have been synthesized. One of the most noteworthy modifications of the tetrathiafulvalene (TTF) core is bis(ethylenedithio)tetrathiafulvalene (BEDT-TTF, Figure 1 ), in which two-dimensional conductivity was observed. 9 Moreover, organic superconductors are most commonly prepared from BEDT-TTF.
Dithiadiazafulvalenes (DTDAFs, Figure 1 ), which contain two nitrogen atoms in the tetraheterafulvalene core, are especially good electron donors (E HOMO = -3.916 eV). 10 Despite this fact DTDAFs are among the less explored tetraheterafulvalenes due to their oxygen sensitivity, 11 which makes synthesis of many of them very challenging.
To the best of our knowledge, DTDAF with four sulfur or selenium atoms at the ends of the p-system, i.e. the diaza-BEDT-TTF analogue, has not been previously synthesized and its electric properties have not been explored.
In this paper we wish to report the first synthesis of bis(ethylenedithio)dithiadiazafulvalenes (BEDT-DTDAFs). The reaction of thiazolium salts with base is one of the most commonly used methods for the preparation of dithiadiazafulvalenes, 8 hence the key intermediates for the preparation of BEDT-DTDAFs are the respective thiazolium salts 3a-d.
We applied a modified Hantzsch synthesis to the preparation of 5,6-dihydro [1, 4] dithiino [2,3-d] thiazole (2). 3-Chloro-1,4-dithian-2-one (1) was prepared according to a procedure described by Larsen and Lenoir. 12 Reaction of 1 with freshly prepared thioformamide affords 2 in moderate yields (Scheme 1). Of course, Hantzsch's synthesis has been applied to the preparation of thiazoles from a-halocarbonyl compounds and thioamides, and it is well known that reaction of a-halo esters with thioamides leads to thiazol-4(5H)-ones rather than to thiazoles. 13 Fortunately in our case the dehydration process was faster than 1,4-dithiane ring opening.
In the next step we alkylated 2 with alkyl bromides, followed by treatment with tetrafluoroboric acid, or trimethyloxonium tetrafluoroborate to give thiazolium tetrafluoroborate salts 3a-d. The thiazolium salts could also be synthesized in one step by reaction of 1 with substituted thioformamides; we obtained thiazolium salts in this manner only in the case of 3-benzyl-5,6-dihydro [1, 4] dithiino [2,3-d] thiazol-3-ium tetrafluoroborate (3b), but the yield did not exceed 12%. Phenylthioformamide in reaction with 1 did not give a thiazolium salt. The attempts to improve this reaction by facilitating the process with dehydrating agents, like thionyl chloride, 4toluenesulfonic acid, or magnesium sulfate, according to a procedure similar to that of Salmond and Reid 14 failed.
Due to the sensitivity of dithiadiazafulvalenes to oxygen 11 all reactions of thiazolium tetrafluoroborate salts 3 with triethylamine were performed under argon in degassed solvents. We did not try to isolate the BEDT-DTDAFs as free compounds; tetracyanoquinodimethane (TCNQ) was immediately added to the mixture of the prepared BEDT-DTDAF in order to trap them as complexes 4a-g ( Table 1 ).
The position of n CN in the FTIR spectra of charge-transfer complexes of TCNQ can reflect the charge of TCNQ; 15 for the prepared complexes we usually observed two bands: a weak one in the region 2201-2189 and a strong one in the region 2165-2150, which would suggest the existence of TCNQ with a charge of up to 1.75, but such a charge value is obviously incorrect due to solid state environmental interaction that can considerably shift n CN . 16 The electrochemical properties of BEDT-DTDAFs as well as superconductivity of the prepared complexes are currently being examined.
IR spectra were recorded from KBr pellets on a Bruker IFS66 infrared spectrometer. 1 
3-Methyl-5,6-dihydro[1,4]dithiino[2,3-d]thiazol-3-ium Tetrafluoroborate (3a)
To a soln of 2 (1.75 g, 10 mmol) in anhyd CH 2 Cl 2 was added trimethyloxonium tetrafluoroborate (2.07 g, 14 mmol); the soln was stirred and heated to reflux for 24 h. The solvent was removed under reduced pressure and the residue was recrystallized twice (CH 2 Cl 2 -Et 2 O); yield: 1.94 g (69%); mp 160-161 °C. 1 Compound 3 (0.5 mmol) was dissolved under argon in thoroughly degassed MeCN (10 mL). Et 3 N (51 mg, 0.5 mmol) was added to a stirred soln, a deep red color appeared immediately. After 10 min a soln of TCNQ (102 mg, 0.5 mmol, or 204 mg, 1 mmol, or 306 mg, 1.5 mmol) in MeCN (20, 40, or 60 mL) was added. After 3 h the soln was concentrated to one fifth of its volume and refrigerated for 24 h. The precipitate was filtered, washed with MeCN (1 mL) and Et 2 O (2 mL), and dried in a vacuum desiccator to yield 4a-g (Table 1 ).
